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©  Composite  shell  formed  of  glassy  metal  alloy  strips. 
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gate  axis  of  the  shell  (1)  and  with  adjacent  layers  having 
alternating  directions  of  wrap.  Bonding  between  adjacent 
layers  and  between  strips within  each  layer is  accomplished  in 
a  selected  manner  such  that  the  composite  wall  (2)  is  structur- 
ally  monolithic  for  thin-walled  applications  thereby  taking 
substantially  full  advantage  of  the  extraordinary  strength 
properties  of  glassy  alloy  strip. 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  r i g i d  

t h i n - w a l l e d   a n n u l a r   s h e l l s   and  s p e c i f i c a l l y   to  s u c h  

s t r u c t u r a l   s h e l l s   b u i l t   up  l a y e r w i s e   f rom  g l a s s y   a l l o y  

s t r i p s   and  s e l e c t e d   b o n d i n g   m e a n s .  

T h i n - w a l l e d   s h e l l s   a re   h o l l o w   s t r u c t u r e s  

h a v i n g   a  w a l l   t h i c k n e s s   much  s m a l l e r   t h a n   the   w a l l  

r a d i u s   of  c u r v a t u r e   and  a re   t y p i c a l l y   c h a r a c t e r i z e d   by  a  
r a d i u s   to  t h i c k n e s s   r a t i o   of  at   l e a s t   a b o u t   10.  S u c h  

s t r u c t u r e s   a re   h i g h l y   e f f i c i e n t   in  s u s t a i n i n g   n o n b e n d i n g  

l o a d s ,   i . e .   l o a d s   t h a t   p r o d u c e   p l a n a r   ( b i a x i a l )   s t r e s s  

w i t h i n   the  w a l l   bu t   no  s i g n i f i c a n t   r a d i a l   ( t r i a x i a l )  

s t r e s s .   T h e s e   s h e l l s   have   h i g h   s t r e n g t h   and  r i g i d i t y  

r e l a t i v e   to  t h e i r   w e i g h t   ( h i g h   s p e c i f i c   s t r e n g t h )   a n d  

a r e   e s p e c i a l l y   s u i t e d   f o r   such   a p p l i c a t i o n s   as  l i g h t  

w e i g h t   t o r s i o n a l   s h a f t s   and  c o n d u i t s   or  v e s s e l s   t o  

c o n t a i n   h i g h   p r e s s u r e  f l u i d s .  

T h i n - w a l l e d   s h e l l s ,   such  as  t u b i n g ,   may  be  

c o n s t r u c t e d   as  a  c o m p o s i t e   m a t e r i a l   by  b u i l d i n g   up  t h e  

w a l l   l a y e r w i s e   f rom  h i g h   s t r e n g t h   s t r i p s ,   or  o t h e r  

f i l a m e n t s ,   in  c o m b i n a t i o n   w i t h   a  b o n d i n g   m a t r i x .   S u c h  

c o m p o s i t e   t u b i n g   f r e q u e n t l y   is  s u p e r i o r   to  c o n v e n t i o n a l  

m o n o l i t h i c   t u b i n g   in  t h a t   i m p r o v e d   s p e c i f i c   s t r e n g t h   i s  

o b t a i n e d   and  in  t h a t   the   l a y e r e d   c o n s t r u c t i o n   w i l l  

r e t a r d   f a i l u r e   c r a c k   p r o p a g a t i o n   and  t h e r e b y   t end   t o  

p r e v e n t   c a t a s t r o p h i c   f a i l u r e .   By  s e l e c t i v e l y   v a r y i n g  

the   l e n g t h w i s e   o r i e n t a t i o n   of  the  h i g h   s t r e n g t h   s t r i p s  



w i t h i n   a d j a c e n t   l a y e r s ,   a  p s e u d o i s o t r o p i c   m a t e r i a l   i s  

o b t a i n e d   t y p i c a l l y   h a v i n  a   b u l k   s t r e n g t h   g r e a t e r   t h a n  

t h a t   of  c o n v e n t i o n a l   m o n o l i t h i c   m a t e r i a l s .   H o w e v e r ,  

s i n c e   the   t r a n s v e r s e   s t r e n g t h   of  the   s t r i p s  i s   t y p i c a l l y  

s i g n i f i c a n t l y   l e s s  t h a n   t h e i r   l o n g i t u d i n a l   s t r e n g t h ,   t h e  

c o m p o s i t e   m a t e r i a l   has  a  b u l k   s t r e n g t h   s i g n i f i c a n t l y  

l e s s   t h a n   t h a t   of  the   maximum  t e n s i l e   s t r e n g t h  o f   t h e  

e l e m e n t a l   s t r i p s .  

In  c o n t r a s t ,   t he   p r e s e n t   i n v e n t i o n   u t i l i z e s ,  

i n  a   s e l e c t e d   m a n n e r ,   g l a s s y   a l l o y   s t r i p s   to  b u i l d  u p   a  

t h i n - w a l l e d  s h e l l   s u c h   t h a t  t h e   c o m p o s i t e   w a l l   m a t e r i a l  

has   a  b u l k  s t r e n g t h   a p p r o a c h i n g   t h e  u l t i m a t e   s t r e n g t h  

of   t he   g l a s s y   a l l o y   s t r i p s .  

SUMMARY OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  t h i n - w a l l e d  

a n n u l a r  s h e l l   of  h i g h   r i g i d i t y  r e l a t i v e   to   i t s   u n i t  

w e i g h t .   The  w a l l   of  t he   s h e l l   i s  a   c o m p o s i t e  m a t e r i a l  

b u i l t   up  l a y e r w i s e   of  g l a s s y   a l l o y  s t r i p s   of  h i g h  

t r a n s v e r s e   a s p e c t   r a t i o   ( r a t i o   of  s t r i p   w i d t h   to  s t r i p  

t h i c k n e s s )   s u c h   t h a t   e a c h   l a y e r   is  a  s t r i p   w r a p p e d  

s u b s t a n t i a l l y  a t   a  4 5 °   h e l i x   w i t h   r e s p e c t   to  t h e  

e l o n g a t e   a x i s   o f  t h e   s h e l l  a n d   w i t h  a d j a c e n t   l a y e r s  

h a v i n g   a l t e r n a t i n g   d i r e c t i o n s   of  w r a p .   B o n d i n g   b e t w e e n  

a d j a c e n t   l a y e r s   and  b e t w e e n  s t r i p s   w i t h i n   e a c h   l a y e r   i s  

a c c o m p l i s h e d   in  a  s e l e c t e d   m a n n e r  s u c h  t h a t   t h e  

c o m p o s i t e   w a l l   is  s t r u c t u r a l l y   m o n o l i t h i c   f o r  

t h i n - w a l l e d   a p p l i c a t i o n s   ( i . e .   a p p l i c a t i o n s   i n v o l v i n g  

n o n b e n d i n g   l o a d s   and  w h e r e i n   the   r a t i o  o f   w a l l   r a d i u s  

to  t h i c k n e s s   i s  a t   l e a s t   a b o u t   10)  t h e r e b y   t a k i n g   s u b -  

s t a n t i a l l y   f u l l   a d v a n t a g e   of  t h e  e x t r a o r d i n a r y   s t r e n g t h  

p r o p e r t i e s   of  g l a s s y   a l l o y  s t r i p ,   c h a r a c t e r i s t i c a l l y  

h a v i n g   a  b i a x i a l   y i e l d   s t r e n g t h  a p p r o a c h i n g   the   u l t i m a t e  

s t r e n g t h   of  t he   a l l o y .  

T h u s ,   t he   c o m p o s i t e   t h i n - w a l l   e m b o d i e s   a  

"maximum  c o n s t r u c t i o n "   in   s e v e r a l   r e s p e c t s .   F i r s t ,  

g l a s s y   a l l o y s   have   a  t e n s i l e   s t r e n g t h   a p p r o a c h i n g   t h e  

u l t i m a t e   s t r e n g t h   of  the   a l l o y   ( g l a s s y   or  p o l y c r y s -  

t a l l i n e ) .   S e c o n d ,   s t r i p s   of  g l a s s y   a l l o y   m a n i f e s t   t h i s  



e x t r a o r d i n a r y   s t r e n g t h   b i a x i a l l y   in  c o n t r a s t   t o  

c o n v e n t i o n a l   h i g h   s t r e n g t h   s t r i p   h a v i n g   a  s u b s t a n t i a l  

l o n g i t u d i n a l   a n i s o t r o p y .   T h i r d ,   the   s t r i p s   a r e   b o n d e d  

in  s e l e c t e d   f a s h i o n   to  t a k e   f u l l   a d v a n t a g e   of  t h e i r   h i g h  

s t r e n g t h .   F o u r t h ,   the   a d j a c e n t   l a y e r s   a re   s u b s t a n t i a l l y  

o r t h o g o n a l l y   w r a p p e d   such   t h a t   a d j a c e n t   l a y e r s   a r e  

r e i n f o r c e d   b i a x i a l l y   and  s t r i p s   a re   o r i e n t e d   s u b s t a n -  

t i a l l y   a l o n g   the   d i r e c t i o n   of  p r i n c i p a l   s h e a r   s t r e s s .  

F i f t h ,   the   l a y e r e d   c o n s t r u c t i o n   r e t a r d s   f a i l u r e   c r a c k  

p r o p a g a t i o n ,   t h e r e b y   t e n d i n g   to  p r e v e n t   c a t a s t r o p h i c  
f a i l u r e   of  the  s h e l l   u n d e r   e x c e s s i v e   l o a d i n g .  

A c c o r d i n g l y ,   the   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  

c o m p o s i t e   t h i n - w a l l e d   s h e l l ,   c o m p r i s i n g :  

(a)  a  p l u r a l i t y   of  s u b s t a n t i a l l y   o r t h o -  

g o n a l l y   w r a p p e d   c o n c e n t r i c   l a y e r s ,   e ach   of  the  l a y e r s  

b e i n g   a  g l a s s y   a l l o y   s t r i p   of  h i g h   t r a n s v e r s e   a s p e c t  
r a t i o   h e l i c a l l y   w r a p p e d   a b o u t   the  a x i s   of  c o n c e n t r i c i t y ,  

and  w i t h   a d j a c e n t   l a y e r s   h a v i n g   a l t e r n a t i n g   d i r e c t i o n s  

of  w r a p ,   f u r t h e r   p r o v i d e d   t h a t   the   r a t i o   of  the   i n n e r  

r a d i u s   to  the  c o m b i n e d   t h i c k n e s s   of  the   l a y e r s   is  a t  

l e a s t   a b o u t   10;  a n d  

(b)  b o n d i n g   means   f o r   p r o v i d i n g   a  j o i n i n g  

s h e a r   s t r e n g t h   b e t w e e n   the  l a y e r s   and  b e t w e e n   t h e  

s t r i p s   w i t h i n   e a c h   l a y e r   at   l e a s t   a b o u t   e q u a l   to  t h e  

t e n s i l e   s t r e n g t h   of  the   g l a s s y   a l l o y   s t r i p   d i v i d e d   b y  

the   t r a n s v e r s e   a s p e c t   r a t i o   of  the  s t r i p .  

The  s t r i p s   a re   c o n s i d e r e d   to  be  s u b s t a n t i a l l y  

o r t h o g o n a l l y   w r a p p e d   when  h e l i c a l l y   w r a p p e d   at   a n  

a n g u l a r   p i t c h   such   t h a t   the   axes   of  the  s t r i p s   s u b s t a n -  

t i a l l y   c o r r e s p o n d   w i t h   the  d i r e c t i o n   of  p r i n c i p a l  

s h e a r   s t r e s s .   P r e f e r a b l y ,   the   a n g u l a r   p i t c h   is  in  t h e  

r a n g e   of  a b o u t   40  to  50° .   Most   p r e f e r a b l y ,   the   a n g u l a r  

. p i t c h   is  a b o u t   4 5 ° .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F u r t h e r   d e t a i l s   a re   g i v e n   be low  w i t h   r e f e r e n c e  

to  the  e x a m p l e s   shown  in  the  d r a w i n g s   w h e r e i n :  

FIG.  1  is  a  p e r s p e c t i v e   v iew  of  a  t h i n - w a l l e d  

t u b e   of  the  p r e s e n t   i n v e n t i o n ,   s h o w i n g   the  o r t h o g o n a l  



w r a p   of  a l t e r n a t i n g   w a l l   l a y e r s .  

FIGS.   2  and  3  s c h e m a t i c a l l y   i l l u s t r a t e   t h e  

r e l a t i o n s h i p   b e t w e e n   l o a d   s t r e s s   w i t h i n   a  s t r i p   of  t h e  

t u b e   w a l l   and  b o n d i n g   s h e a r   s t r e s s   a t   t h e  s t r i p   f a c e s  

in  r e a c t i o n   to  the   l o a d i n g .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

G l a s s y   a l l o y s   a r e   of  c o n s i d e r a b l e   t e c h n o l o g -  

i c a l   i n t e r e s t   owing   to  t h e i r   many  e x t r a o r d i n a r y  

p h y s i c a l   p r o p e r t i e s   as  c o m p a r e d   to  the   p r o p e r t i e s  

c h a r a c t e r i z i n g   the   p o l y c r y s t a l l i n e   f o r m   of  s u c h   a l l o y s .  

The  t e r m   " g l a s s y   a l l o y "   is  i n t e n d e d   t o  r e f e r   to  m e t a l s  

and  a l l o y s   t h a t   a r e   r a p i d l y   q u e n c h e d   f rom  a  l i q u i d   s t a t e  

to  a  s u b s t a n t i a l l y   a m o r p h o u s   s o l i d   s t a t e ,   t y p i c a l l y  

h a v i n g   l e s s   t h a n   a b o u t   50%  c r y s t a l l i n i t y ,   and  i s  

c o n s i d e r e d   to  be  s y n o n o m o u s   w i t h   s u c h   t e r m s   a s  

" a m o r p h o u s   m e t a l   a l l o y "   and  " m e t a l l i c   g l a s s " .   G l a s s y  

a l l o y s   a r e   w e l l   d o c u m e n t e d   in  t h e  l i t e r a t u r e .   An 

o v e r v i e w   of  t h e i r   p r o p e r t i e s   is  g i v e n  i n   " M e t a l l i c  

G l a s s e s " ,   P h y s i c s   T o d a y   2 8 : 5   ( 1 9 7 5 )   by  J . J .   G i l m a n .  

R e p r e s e n t a t i v e   e x a m p l e s   a r e   shown  in  U .S .   P a t e n t  

3 , 8 5 6 , 5 1 3   " N o v e l   A m o r p h o u s   M e t a l s   . . . "   i s s u e d   D e c e m b e r  

24,   1974  to  H.  Chen  and  D.  P o l k ,   h e r e b y   i n c o r p o r a t e d   b y  

r e f e r e n c e .   For   an  e x t e n s i v e   b a c k g r o u n d ,   see   " M e t a l l i c  

G l a s s e s " ,   A m e r i c a n   S o c i e t y   For  M e t a l s   ( 1 9 7 8 ) .  

S p e c i f i c a l l y   as  r e g a r d s   the  p r e s e n t   i n v e n t i o n ,  

t h e   m e c h a n i c a l   p r o p e r t i e s   of  g l a s s y   a l l o y s   a r e   e x t r a -  

o r d i n a r y   in  t h a t   t h e i r   y i e l d   s t r e n g t h   a p p r o a c h e s  t h e i r  

u l t i m a t e   s t r e n g t h ,   y e t   o r d i n a r i l y   f a i l   p l a s t i c a l l y   a n d  

n o t   b r i t t l e l y ,   and  in  t h a t   t h e i r   s t r e n g t h   p r o p e r t i e s   a r e  

o b t a i n e d   s u b s t a n t i a l l y   i s o t r o p i c a l l y   ( n o n d i r e c t i o n a l l y ) .  

T h u s ,   s t r i p s   of  g l a s s y   a l l o y   m a n i f e s t   h i g h   b i a x i a l  

s t r e n g t h   ( t r a n s v e r s e   s t r e n g t h   c o m p a r a b l e   to  l o n g i t u d i n a l  

s t r e n g t h )   in  c o n t r a s t   to  c o n v e n t i o n a l   h i g h   s t r e n g t h  

a l l o y   s t r i p   t y p i c a l l y   h a v i n g   a  h i g h   d e g r e e   of  a n i s o t r o p y  

( t r a n s v e r s e   s t r e n g t h   s u b s t a n t i a l l y   l e s s   t h a n  

l o n g i t u d i n a l   s t r e n g t h ) .  

In  the   p r o d u c t i o n   of  g l a s s y   a l l o y   s t r i p s ,  

t y p i c a l l y   an  a p p r o p r i a t e   m o l t e n   a l l o y   is  q u e n c h e d   a t  



e x t r e m e   q u e n c h   r a t e s ,   u s u a l l y   a t   l e a s t   a b o u t   10JoC  p e r  

s e c o n d ,   by  e x t r u d i n g   the   m o l t e n   a l l o y   f rom  a  p r e s s u r i z e d  

c r u c i b l e   t h r o u g h   an  e x t r u s i o n   n o z z l e   o n t o   a  h i g h   s p e e d  

r o t a t i n g   q u e n c h   s u r f a c e ,   as  is  r e p r e s e n t a t i v e l y   shown  i n  

U .S .   P a t e n t   4 , 1 4 2 , 5 7 1   f o r   . C o n t i n u o u s   C a s t i n g   M e t h o d   F o r  

M e t a l l i c   S t r i p s "   i s s u e d   March   6,  1979  to  M.  N a r a s i m h a n ,  

h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e .   Such  f i l a m e n t s   a r e  

n e c e s s a r i l y   t h i n ,   t y p i c a l l y   a b o u t   25  to  100  m i c r o m e t e r s ,  

o w i n g   to  the   e x t r e m e   h e a t   t r a n s f e r   r e q u i r e m e n t s   t o  

p r e v e n t   s u b s t a n t i a l   c r y s t a l l i z a t i o n ,   t h o u g h   c o n s i d e r a b l y  

s e l e c t i v i t y   may  be  e x e r c i s e d   r e s p e c t i n g   the   w i d t h   of  t h e  

s t r i p .   T h u s ,   g l a s s y   a l l o y s   a re   n e c e s s a r i l y   o n l y  
a v a i l a b l e   in  c o m m e r c i a l   q u a n t i t i e s   in  f i l a m e n t a r y   f o r m ;  

b u t   a d v a n t a g e o u s l y ,   such   f i l a m e n t s   a r e   p r o d u c e d   in  o n e  

s t e p   w i t h o u t   need   f o r   s u b s e q u e n t   h e a t   t r e a t m e n t   o r  

m e c h a n i c a l   r e d u c t i o n .   T h i s   p r o c e s s   a d v a n t a g e   i n  

c o m b i n a t i o n   w i t h   e x t r a o r d i n a r y   m e c h a n i c a l   p r o p e r t i e s  

r e n d e r s   g l a s s y   a l l o y   s t r i p   i d e a l l y   s u i t e d   f o r   b u i l d i n g  

up  h i g h   s t r e n g t h   c o m p o s i t e   m a t e r i a l s   and  a r t i c l e s ,  

e i t h e r   o n l i n e   or   o f f l i n e   w i t h   the   c o n t i n u o u s   c a s t i n g  

p r o c e s s .  

R e f e r r i n g   s p e c i f i c a l l y   to  the   d r a w i n g s ,   i n  

FIG.   1  a  t h i n - w a l l e d   t u b e   1  of  the   p r e s e n t   i n v e n t i o n   i s  

s h o w n   in  p e r s p e c t i v e   h a v i n g   a  w a l l   2  e n c l o s i n g   a n  

a n n u l a r   s p a c e   3.  The  w a l l   2  is  b u i l t   up  of  h e l i c a l l y  

w r a p p e d   g l a s s y   a l l o y   s t r i p s   w i t h   a d j a c e n t   l a y e r s   h a v i n g  

a l t e r n a t i n g   d i r e c t i o n s   of  w r a p .   For   e x a m p l e ,   the   o u t e r  

l a y e r   is  shown  as  b e i n g   f o r m e d   by  s t r i p   4  h a v i n g   a  

c l o c k w i s e   c u r l   and  the   f i r s t   i n n e r   l a y e r   5  h a v i n g   a  

c o u n t e r c l o c k w i s e   c u r l .   T h i s   a l t e r n a t i n g   p a t t e r n   i s  

r e p e a t e d   t h r o u g h o u t   the  w a l l   2.  The  s t r i p s   a r e  

i n t i m a t e l y   b o n d e d   in  a  s e l e c t e d   m a n n e r ,   as  d i s c u s s e d   i n  

c o n n e c t i o n   w i t h   FIGS.   2  and  3,  so  as  to  a c h i e v e   a  

s t r u c t u r a l l y   m o n o l i t h i c   w a l l   c o m p o s i t e   t a k i n g  

s u b s t a n t i a l l y   f u l l   a d v a n t a g e   of  the   h i g h   s t r e n g t h   of  t h e  

g l a s s y   a l l o y .  
H e l i c a l   w r a p p i n g   is  done  s u b s t a n t i a l l y   a t   a  

45°  a n g u l a r   p i t c h ,   t he   a n g u l a r   p i t c h   b e i n g   the   a n g l e  



of  t he   l o n g i t u d i n a l   a x i s   o f  e a c h  s t r i p   w i t h  r e s p e c t   t o  

t he   e l o n g a t e   a x i s   of  the   t u b e .   S i n c e  a d j a c e n t   s t r i p s  

h a v e   a l t e r n a t i n g   d i r e c t i o n s   of  w r a p ,  a d j a c e n t   s t r i p s   a r e  

s u b s t a n t i a l l y   a t   a  90°  a n g l e  w i t h   r e s p e c t   to  e a c h   o t h e r ,  

and  t h u s   a r e   s a i d   to  be  s u b s t a n t i a l l y   o r t h o g o n a l l y  

w r a p p e d .   The  s t r i p s   a r e   c o n s i d e r e d   to  b e  s u b s t a n t i a l l y  

o r t h o g o n a l l y   w r a p p e d  w h e n   the   a x e s   of  t he   s t r i p s   a r e  

s u b s t a n t i a l l y   a l i g n e d   w i t h   t he   d i r e c t i o n   of  p r i n c i p a l  

s h e a r   s t r e s s   w i t h i n   the   l o a d e d   w a l l ,   w h i c h   c o r r e s p o n d s  

to  an  a n g u l a r   p i t c h   of  a b o u t  4 5 °   f o r  a  t u b e   l o a d e d   i n  

t o r s i o n .   H o w e v e r ,   s i n c e   s h e a r   s t r e s s   v a r i e s   as  o f  

f u n c t i o n   of  s i n ( 2 p )   w h e r e   p  i s   the   p i t c h   a n g l e ,   t h e r e   i s  

l i t t l e   v a r i a t i o n   in  s h e a r   o v e r   a  s m a l l  a n g u l a r   r a n g e  

a b o u t   4 5 ° .   For   e x a m p l e ,   a t   a  p i t c h  a n g l e  o f   40  or  5 0 ° ,  

s h e a r   s t r e s s   is  98.5%  of  m a x i m u m .  

The  t u b e   1  is  " t h i n - w a l l e d " ,   a s  d i s c u s s e d  

a b o v e ,   s u c h   t h a t   t he   r a t i o   of  t h e  i n n e r   r a d i u s   of  t u b e   1  

to   t he   t h i c k n e s s   of  w a l l   2  i s  a t  l e a s t  a b o u t   10.  F o r  

e x a m p l e ,   g i v e n   t h a t   a  r a d i u s - t o - t h i c k n e s s   r a t i o   of  15  

and  a  t u b e   r a d i u s   of  3 0  c m   a r e  d e s i r e d ,   t h e n   the   w a l l  

t h i c k n e s s   w i l l   be  2  cm  and  w i l l   c o n s i s t   of  a b o u t   4 0 0  

l a y e r s   ( s t r i p s )   i f   c o n s t r u c t e d  o f   i n t i m a t e l y   b o n d e d  

g l a s s y   a l l o y   s t r i p s   e a c h   h a v i n g   a  t h i c k n e s s   o f  5 0  

m i c r o m e t e r s .   S i n c e   the   p r e s e n t   i n v e n t i o n   is  a p p l i e d   i n  

t h i n - w a l l e d   s h e l l s ,  r a d i a l   s t r e s s   i s - n e g l i g i b l e   r e l a t i v e  

to   t he   b i a x i a l   s t r e s s   w i t h i n   t h e  s t r i p s ,   and  t h u s ,   t h e  

s t r i p s   a re   the   p r i m a r y   l o a d   b e a r i n g   m a t e r i a l   of  t he   w a l l  

c o m p o s i t e   and  n o t   the   b o n d i n g   m e a n s .  

In  F IGS.   2  and  3,  the   r e l a t i o n s h i p   b e t w e e n  

t e n s i l e   f o r c e s   a c t i n g   on  i n d i v i d u a l  s t r i p s   and  b o n d i n g  

s h e a r   s t r e n g t h   b e t w e e n   s t r i p s   i s  i l l u s t r a t e d .   P h a n t o m  

e l e m e n t   7  is  w i t h i n   a  w a l l   s t r i p   6  and  has  a  l e n g t h  

e q u a l   to  the   w i d t h   of  t he   s t r i p .   E l e m e n t   7,  u p o n  b e i n g  

s u b j e c t e d   to  a  t e n s i l e   s t r e s s ,   is  r e s t r a i n e d   by  s h e a r  

f o r c e s   p r o v i d e d   by  a d h e s i o n   to  i t s   n e i g h b o r i n g   e l e m e n t s .  

E q u a t i n g   t h e s e   f o r c e s   and  s o l v i n g   f o r   the   s h e a r   s t r e s s ,  
t he   f o l l o w i n g   e x p r e s s i o n  i s   o b t a i n e d :  



w h e r e :  

S  =  l o a d   s t r e s s ,  

w  =  s t r i p   w i d t h ,  

t  =  s t r i p   t h i c k n e s s ,  

w / t   =  t r a n s v e r s e   a s p e c t   r a t i o   of  the   s t r i p ,   a n d  

T  =  s h e a r   s t r e s s   b e t w e e n   a d j a c e n t   b o n d e d   s t r i p s .  

T h e r e f o r e ,   if  the  s t r e n g t h   of  the   s t r i p   is  S ,  

t he   a d h e s i v e   s t r e n g t h   t h a t   is  n e e d e d   to  r e s t r a i n   t h e  

s t r i p   u n t i l   i t   r e a c h e s   i t s   f r a c t u r e   s t r e n g t h   is  T.  F o r  

e x a m p l e ,   if   t  =  50  m i c r o m e t e r s   and  w  =  1  cm,  t h e n   w/ t   = 

200;   and  if  S  =  4 0 , 0 0 0   k g / c m 2 ,   T  wou ld   need  to  be  200  

k g / c m 2 ,   w h i c h   is  q u i t e   r e a s o n a b l e   f o r   a  c o n v e n t i o n a l  

a d h e s i v e .   T h i s   means   t h a t   such   t u b e s   c o u l d   be  l o a d e d ,  

u n d e r   t o r s i o n   f o r   e x a m p l e ,   to  d e s t r u c t i o n   of  the   s t r i p s  

bu t   no t   the   a d h e s i v e .   C o n v e r s e l y ,   g i v e n   a  p a r t i c u l a r  

g l a s s y   a l l o y   h a v i n g   a  c e r t a i n   s t r e n g t h   and  a f t e r  

s e l e c t i n g   an  a d h e s i v e ,   the   minimum  r e q u i r e d   a s p e c t  

r a t i o   can  be  d e t e r m i n e d   by  the  above   f o r m u l a t i o n .   F o r  

e x a m p l e ,   if   the   t e n s i l e   s t r e n g t h   of  the   g l a s s y   a l l o y   i s  

4 0 , 0 0 0   k g / c m 2  a n d   the  s e l e c t e d   a d h e s i v e   has  m e t a l - t o -  

m e t a l   l ap   s h e a r   s t r e n g t h   of  400  k g / c m 2 ,   t h e n   the   m i n i m u m  

a s p e c t   r a t i o   f o r   the  s t r i p   is  100.   I t   is  n o t e d   t h a t   b y  

u s i n g   s t r i p s   of  h i g h   a s p e c t   r a t i o ,   the   s t r e n g t h   of  t h e  

a d h e s i v e   is  l e v e r a g e d   so  t h a t   a  s t r u c t u r a l l y   m o n o l i t h i c  

c o m p o s i t e   r e s u l t s   t h e r e b y   t a k i n g   f u l l   a d v a n t a g e   of  t h e  

h i g h   s t r e n g t h   of  the   s t r i p s .  

G e n e r a l l y ,   any  t ype   of  a d h e s i v e   is  s u i t a b l e  

t h a t   p r o v i d e s   a  b o n d i n g   s h e a r   s t r e n g t h   a c c o r d i n g   to  t h e  

a b o v e   f o r m u l a t i o n   and  is  c o m p a t i b l e   f o r   j o i n i n g   g l a s s y  

a l l o y   s u b s t r a t e s .   S t a n d a r d   p r e p a r a t o r y   s u r f a c e  

t r e a t m e n t   of  c l e a n i n g   and  e t c h i n g   may  be  done  to  t a k e  

f u l l   a d v a n t a g e   of  the   b o n d i n g   p r o p e r t i e s   of  t h e  

a d h e s i v e .   C o m m e r c i a l l y   a v a i l a b l e   epoxy   a d h e s i v e s   a r e  

r e p r e s e n t a t i v e   of  s a t i s f a c t o r y   a d h e s i v e s .   For  e x a m p l e ,  

n y l o n - e p o x y   a d h e s i v e s   and  e p o x y - p o l y a m i d e   a d h e s i v e s  

p r o v i d e   m e t a l - t o - m e t a l   b o n d i n g   s h e a r   s t r e n g t h   o f  

a b o u t   140  k g / c m 2   to  a b o u t   450  k g / c m 2 .  

B o n d i n g   may  a l s o   be  a c c o m p l i s h e d   by  s o l d e r i n g  



or   b r a z i n g   p r o v i d e d   the   b o n d i n g   s h e a r   s t r e n g t h   of  t h e  

j o i n   m e e t s   t he   a b o v e   s t r e n g t h   r e q u i r e m e n t   and  f u r t h e r  

p r o v i d e d   t h a t   t he   m e l t i n g   t e m p e r a t u r e   of  the   s o l d e r   o r  

b r a z i n g   m a t e r i a l   is  l e s s   t h a n   the   g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   f o r   t he   p a r t i c u l a r   g l a s s y   a l l o y ,   t y p i c a l l y  

400  to  5 0 0 ° C .   I f   the   g l a s s y   a l l o y   w e r e   c r y s t a l l i z e d  

(and   no  l o n g e r   g l a s s y ) ,   t h e n   i t s   e x t r a o r d i n a r y   s t r e n g t h  

p r o p e r t i e s   w o u l d   be  d i m i n i s h e d .  

W r a p p i n g  o f   t he   m u l t i l a y e r e d   c o m p o s i t e   s h e l l  

may  be  d o n e - b y   c o n v e n t i o n a l   means  f o r   f o r m i n g   c o m p o s i t e  

t u b i n g ,   f o r   e x a m p l e   by  a u t o m a t e d   w r a p p i n g   o n t o   a  m a n d r e l  

as  r e p r e s e n t a t i v e l y   shown  in  U.S .   P a t e n t   4 , 0 1 3 , 1 0 2  

" C o m p o s i t e   T u b i n g "   i s s u e d   March   22,  1977  to  J .   D e l o r e a n  

and  C.  D i r k s ,   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e .   T h e  

b o n d i n g   a g e n t   may  be  i n t e r j e c t e d   b e t w e e n   the   t u r n s   o f  

the   s t r i p s   d u r i n g   w r a p p i n g   f o l l o w e d   by  h e a t   t r e a t m e n t   a s  

r e q u i r e d   to  c o m p l e t e   b o n d i n g ,   e . g .   f u r n a c e   s o l d e r i n g ,  

b r a z i n g ,   or   a d h e s i v e   c u r i n g .   The  s h a p e   of  t h e  

c r o s s - s e c t i o n   of  t he   s h e l l   is  o p t i o n a l l y   s e l e c t e d  

a c c o r d i n g   to  t h e   c r o s s - s e c t i o n   of  the   m a n d r e l   o n t o   w h i c h  

t he   c o m p o s i t e   is  f o r m e d .  

The  s t r u c t u r a l   s h e l l s   of  the   p r e s e n t   i n v e n t i o n  

may  be  u s e d   n o t   o n l y   as  t h i n - w a l l e d   t u b i n g   bu t   a l s o   a s  

a  r e i n f o r c i n g   o u t e r   l a y e r   f o r   c o n v e n t i o n a l   p i p i n g .  

A l s o ,   the   h i g h   s t r e n g t h   s h e l l s   may  be  u sed   as  p r o t e c t i v e  

s h r o u d s ,   i . e .   a n n u l a r   c y l i n d e r s   of  low  l e n g t h   t o  

d i a m e t e r   r a t i o .   The  s h e l l s   may  be  u sed   as  m a g n e t i c  

s h i e l d s ,   t a k i n g   a d v a n t a g e   of  the   c o m b i n a t i o n   o f  

m e c h a n i c a l   h a r d n e s s   and  m a g n e t i c   s o f t n e s s   c h a r a c t e r i s t i c  

of  many  g l a s s y   a l l o y s ,   e s p e c i a l l y   f e r r o u s  g l a s s y   a l l o y s .  

G e n e r a l l y ,   the   t e m p e r a t u r e   of  the   s h e l l   in  use  s h o u l d   b e  

l e s s   t h a n   the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  t h e  

p a r t i c u l a r   g l a s s y   a l l o y .  

C o m p o s i t i o n a l l y ,   a  wide   r a n g e   of  g l a s s y   a l l o y s  

a r e   d i s c l o s e d   in  l i t e r a t u r e ,   t h e r e b y   p e r m i t t i n g   f l e x i -  

b i l i t y   in  c h o o s i n g   a  p a r t i c u l a r   g l a s s y   a l l o y   a c c o r d i n g  

to  the   p a r t i c u l a r   use  f o r   a  s h e l l   of  t he   p r e s e n t  

i n v e n t i o n .   By  way  of  e x a m p l e ,   r e f e r e n c e   is  made  to  U . S .  



P a t e n t   4 , 0 3 6 , 6 3 8   " B i n a r y   A m o r p h o u s   A l l o y s   of  I r o n   o r  

C o b a l t   and  B o r o n "   i s s u e d   J u l y   19,   1977  to  R.  Ray  and  S .  

K a v e s h ,   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e ,   in  w h i c h   i s  

d i s c l o s e d   i r o n - b o r o n   g l a s s y   a l l o y s   h a v i n g   e x t r a o r d i n a r y  

t e n s i l e   s t r e n g t h   and  s p e c i f i c   s t r e n g t h .  

A l t h o u g h   the   p r e s e n t   i n v e n t i o n   has  been   d e s -  

c r i b e d   in  c o n j u n c t i o n   w i t h   p r e f e r r e d   e m b o d i m e n t s , . i t   i s  

to  be  u n d e r s t o o d   t h a t   m o d i f i c a t i o n s   and  v a r i a t i o n s   may  
be  u t i l i z e d   w i t h o u t   d e p a r t i n g   f rom  the   p r i n c i p l e s   a n d  

s c o p e   of  the   i n v e n t i o n   as  t h o s e   s k i l l e d   in  the   a r t   w i l l  

r e a d i l y   u n d e r s t a n d .   A c c o r d i n g l y ,   such   m o d i f i c a t i o n s   a n d  

v a r i a t i o n s   may  be  p r a c t i c e d   w i t h i n   the  s c o p e   of  t h e  

f o l l o w i n g   c l a i m s :  



1.  A  c o m p o s i t e   t h i n - w a l l e d   s h e l l ,   c o m p r i s i n g :  

(a)   a  p l u r a l i t y   of  s u b s t a n t i a l l y   o r t h o -  

g o n a l l y   w r a p p e d   c o n c e n t r i c   l a y e r s ,   e a c h   o f  s a i d  l a y e r s  

b e i n g   a  g l a s s y   a l l o y   s t r i p   o f  h i g h   t r a n s v e r s e   a s p e c t  

r a t i o   h e l i c a l l y   w r a p p e d   a b o u t   t he   a x i s   o f  c o n c e n t r i c i t y ,  

and  w i t h   a d j a c e n t  l a y e r s   h a v i n g  a l t e r n a t i n g   d i r e c t i o n s  

of  w r a p ,   f u r t h e r   p r o v i d e d   t h a t   the   r a t i o   of  the   i n n e r  

r a d i u s   t o  t h e   c o m b i n e d   t h i c k n e s s   of  t h e  l a y e r s  i s   a t  

l e a s t   a b o u t   10;  a n d  

(b)  b o n d i n g   means   f o r   p r o v i d i n g   a  j o i n -  

ing   s h e a r   s t r e n g t h   b e t w e e n  s a i d   l a y e r s  a n d   b e t w e e n   s a i d  

s t r i p s   w i t h i n  e a c h   l a y e r   at   l e a s t   a b o u t   e q u a l   to  t h e  

t e n s i l e   s t r e n g t h   of  s a i d   g l a s s y   a l l o y  s t r i p   d i v i d e d   b y  

s a i d   t r a n s v e r s e   a s p e c t   r a t i o .  

2.  T h e  c o m p o s i t e   s h e l l   of  c l a i m   1  w h e r e i n  

s a i d   s t r i p s   a r e   h e l i c a l l y   w r a p p e d  a t  a b o u t   a  40  to  5 0 °  

a n g u l a r   p i t c h   w i t h   r e s p e c t   to  the   a x i s   of  c o n c e n t r i c i t y .  

3.  The  c o m p o s i t e   s h e l l   of  c l a i m   2  w h e r e i n  

s a i d   s t r i p s   a r e   h e l i c a l l y  w r a p p e d   a t   a b o u t   a  45°  a n g u l a r  

p i t c h .  
4.  The  c o m p o s i t e   s h e l l   of  c l a i m   1  w h e r e i n  

s a i d   a s p e c t   r a t i o   of  s a i d  s t r i p s   i s  a t   l e a s t   a b o u t   1 0 0 .  

5.  The  c o m p o s i t e   s h e l l   o f  c l a i m   1  w h e r e i n   t h e  

g l a s s y   a l l o y   h a s  a n   i r o n - b o r o n   c o m p o s i t i o n a l   b a s e .  

6.  The  c o m p o s i t e   s h e l l   of  c l a i m   1  w h e r e i n  

s a i d   s t r i p s   a r e   j o i n e d   a d h e s i v e l y .  

7.  The  c o m p o s i t e   s h e l l   of  c l a i m   1  w h e r e i n  

s a i d   s t r i p s   a r e   j o i n e d   by  b r a z i n g   a t   a  t e m p e r a t u r e   l e s s  

t h a n   t he   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  t he   g l a s s y  

a l l o y .  

8.  The  c o m p o s i t e   s h e l l   o f  c l a i m   1  w h e r e i n  

s a i d   s t r i p s   a r e   j o i n e d   by  s o l d e r i n g   a t  a  t e m p e r a t u r e  
l e s s   t h a n   the   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  t h e  g l a s s y  

a l l o y .  
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